The evidence in Fama and Bliss (1987) that forward interest rates forecast future spot interest rates for horizons beyond a year repeats in the out-of-sample 1986-2002 period. But the inference that this forecast power is due to mean reversion of the spot rate toward a constant expected value no longer seems valid. Instead, the predictability of the spot rate seems to be due to mean reversion toward a non-stationary expected value that is subject to permanent unexpected shocks, the likely result of shocks to expected inflation.
A forward interest rate is the rate one can lock in now for a commitment to buy a oneperiod bond in the future. This leads naturally to the hypothesis that forward rates forecast future spot (one-period) interest rates. Early tests of this hypothesis are largely confined to U. S.
Treasury bills and the results are rather negative. Forward rates do not seem to predict spot rates, except perhaps a month or two ahead (for example, Hamburger and Platt (1975) , Shiller, Campbell, and Schoenholtz (1983) , Fama (1984) .) Fama and Bliss (1987) find, however, that when the forecast horizon is extended, longer-term forward rates seem to have significant power to forecast spot rates. They attribute this forecast power to slow mean reversion of the spot rate that only becomes evident over long horizons.
Figure 1 raises suspicion about this story. The figure shows the path of the updated oneyear spot rate used by Fama and Bliss (1987) , along with the spread of the five-year forward rate over the one-year spot rate, f(5: t) -r(t). There is lots of short-term variation in the spot rate, but its dominant feature during 1953-2002 is upward drift to mid-1981, followed by downward drift to the end of the sample period. The spot rate is 1.8% in June 1952, it peaks at 15.8% in August 1981, and finishes at 1.2% at the end of 2002. This long-term swing in the spot rate may be the result of slow mean reversion, but the path of the five-year forward-spot spread suggests that such mean reversion does not explain why forward rates forecast longer-term changes in the spot rate. If the five-year forward-spot spread is driven by predictions of the long-term swing in the spot rate, f(5: t) -r(t) should be more often positive before August 1981, when the spot rate rises, and more often negative thereafter, when the spot rate falls. There is no such pattern in the forward-spot spread. In fact, it is more often positive after August 1981 than before. In short, the long-term swing in the spot rate during 1952-2002 may or may not be the result of slow mean reversion, but it probably is not the source of the forecast power of forward rates.
One possibility is that the forecast power of forward rates observed by Fama and Bliss (1987) is a sample-specific chance result and so needs no explanation. We shall see that this is not the case. If anything, forward rates show more power to forecast spot rates in the post-1985 out-of-sample period. What is the source of this forecast power if not mean reversion of the spot rate? The answer I suggest and test is that the long-term expected value of the spot rate is subject to permanent unexpected shocks, and the forecast power of forward rates is due to "local mean reversion" of the spot rate toward its current long-term expected value.
This brief statement of my results rings true to readers of the recent literature on dynamic multifactor term structure models, for example, Chen and Scott (1993) , Duffee (2002) , and Dai and Singleton (2002) . A prime goal in these papers is to explain the evidence of Fama and Bliss (1987) , Campbell and Shiller (1991) , and others about how the term structure of yields and the term structure of expected one-period returns on bonds vary through time. In other words, modern dynamic term structure models basically attempt to explain, in one blow, all the stylized facts about the behavior of the term structure.
In the spirit of Litterman and Scheinkman (1991) , the work on dynamic term structure models typically concludes that three common factors, related to the level, slope, and "twist" of the term structure, drive yields and one-period returns. And the first two of these factors are important in determining the time-series behavior of the spot rate. For example, Duffee (2002, pp. 438-439) concludes, "Level shocks correspond to near-permanent changes in interest rates and only minimal changes in expected excess returns. Slope shocks correspond to business-cycle-length fluctuations in both interest rates and expected excess returns to bonds, while twist shocks correspond to short-lived "flight to quality" variations in expected excess returns."
These statements about how level and slope shocks affect interest rates are roughly consistent with my evidence that the level of the spot rate is subject to permanent shocks, and the spot rate also has a shorter-term mean-reverting component. But intuition for the behavior of the spot rate is not easy to extract from the literature on dynamic term structure models, which (in part because it is so ambitious) tends to be quite formal, with substantial barriers to entry.
(Those not completely facile with continuous time models and their estimation need not apply.)
My goal is to provide an easily digested story for the behavior spot rate -a story that can perhaps be inferred from the literature on dynamic term structure models, but not without lots of skill and effort. Specifically, I present evidence that the long up and down swing in the spot rate during 1952-2002 is largely the result of permanent unexpected shocks. They are permanent and unexpected in the sense that they are missed by the forecasts of the spot rate in forward rates (and by forecasts of one-period returns in forward rates). The power of forward rates to forecast future spot rates comes instead from a transitory component of the spot rate, which produces what I call local mean reversion, toward the spot rate's current long-term expected value.
The paper proceeds as follows. Section I presents the framework for the tests. Sections II and III extend and confirm the evidence in Fama and Bliss (1987) that (i) over short (one year) forecast horizons, most of the information in forward rates is about the term structure of expected one-period returns, but (ii) over longer horizons forward rates show power to forecast spot rates.
Sections IV and V detail the evidence that the long-term swing of the spot rate during is largely the result of permanent unexpected shocks, and the forecast power of forward rates is due to local mean reversion of the spot rate toward its current long-term expected value.
I. The Logic of the Tests
As in Fama and Bliss (1987) , the data (from CRSP, the Center for Research in Security Prices of the University of Chicago) are imputed end-of-month prices, P(1: t),…,P(5: t), of oneyear to five-year U.S. Treasury discount bonds that deliver $1 at maturity. (The Appendix in Fama and Bliss (1987) My term structure notation follows Fama and Bliss. Thus, the continuously compounded return on an x-year bond bought at time t and sold at t+x-y, when it has y years to maturity is, (1) h(x, y: t+x-y) = p(y: t+x-y) -p(x: t), where p(x: t) is the natural log of P(x: t). Symbols before a colon are the maturities that define a variable, and the symbol after the colon is the time when the variable is observed. For example, h(5, 1: t+4) is the four-year return from t to t+4 on a bond with five years to maturity at t. To simplify the notation, the sell maturity for one-year returns is dropped. For example, the oneyear return on a five-year bond from t to t+1 is h(5: t+1), rather than h(5, 4: t+1).
The x-year yield to maturity, r(x: t), on a bond with x years to maturity at t is, (2) r(x: t) = -p(x: t).
The yield on a one-year bond, called the one-year spot rate, is r(1: t). It plays a central role in the tests. Note that r(1: t) is observed at t, but the return is realized at t+1. To simplify the notation, the one-year spot rate r(1: t) is henceforth r(t).
The time t forward rate for the year from t+x-1 to t+x is,
f(x: t) = p(x-1: t) -p(x: t) = r(x: t) -r(x-1: t).
For example, the five-year forward rate, f(5: t), is the rate for the year from t+4 to t+5.
The definition of a return in (1) implies that the price of an x-year bond can be expressed in terms of the one-year returns to be observed over the life of the bond,
Or, taking expected values, E t , at time t,
p(x: t) = -E t h(x: t+1) -E t h(x-1: t+2) -…-E t r(t+x-1).
In words, the raw price P(x: t) is the present value of the $1 to be received at t+x, discounted at the expected returns on the bond over the remaining years of its life.
Equation (5) is a tautology, implied by the definition of returns. But it is a useful tautology. In particular, if we interpret the expected values it contains as rational (the best possible assessments, given information available at time t), then (5) says that the price contains rational forecasts of the returns on the bond over the remaining periods of its life. Thus, the price should have a rich range of information about expected future returns on the bond, including the spot rate r(t+x-1) to be observed at the beginning of the last period of its life. This view of (5) is the foundation of the tests.
For example, we are primarily interested in the nature and sources of predictability of the spot rate. To focus on the forecast of the spot rate r(t+x-1) in p(x: t), group (sum) the first x-1 terms in (5) and write the price as,
p(x: t) = -E t h(x, 1: t+x-1) -E t r(t+x-1).
Substituting (6) into the forward rate expression (3) and subtracting the spot rate gives,
Equation (4) implies that (7) holds for realized returns as well as for expected values,
Equation (8) implies that there are two complementary regressions that split the information in the forward-spot spread between the two terms of (7), (9) r(t+x-1) -r(t) = a + c[f(x: t) -r(t)] + e(t+x-1) (10) h(x, 1: t+x-1) -r(x-1: t) = -a + (1-c)[f(x: t) -r(t)] -e(t+x-1).
The slope c in (9) measures the average proportion of the forward-spot spread, f(x: t) -r(t), that can be attributed to E t r(t+x-1) -r(t), the rational forecast of the change in the spot rate from t to t+x-1. (I say average proportion because the regression estimates the slope as a constant, but the slope need not be constant.) A reliably positive c implies that the forwardspot spread has power to forecast the change in the spot rate.
Moreover, as indicated by the notation, (8) implies that the intercepts in (9) and (10) sum to zero, the residuals sum to zero period by period, and the slopes sum to 1.0. In this sense, the two regressions provide an exact split of the proportions of the forward-spot spread that can be attributed to the expected change in the spot rate and the expected value of the (x-1)-year return premium in (7). Variants of regression (9) provide the tests of the information in forward rates about future spot rates.
In equation (6) we are interested in the information in the price p(x: t) about the expected spot rate to be observed at t+x-1, so we sum the first x-1 expected returns in the price expression (5) to focus on E t r(t+x-1). If instead we wish to focus on the information in p(x: t) about the oneyear expected return on the bond for the coming year (t to t+1), we sum the last x-1 expected returns in (5), to get,
p(x: t) = -E t h(x: t+1) -E t r(x-1: t+1).
Substituting (11) into the forward rate expression (3) and subtracting the one-year spot rate,
The first term on the right of (12) is the expected term premium in the one-year return on an x-year bond -the expected return on the bond in excess of the one-year spot rate. The second term is the expected change from t to t+1 in the yield on an (x-1)-year bond. And equation (4) again implies that (12) holds for realized returns, as well as for expected values,
Equation (13) then implies that there are two complementary regressions,
Again, the intercepts in (14) and (15) sum to zero, the residuals sum to zero period by period, and the slopes sum to 1.0. In this sense, the two regressions provide an exact split of the proportions of the forward-spot spread that can be attributed to the expected term premium and the expected change in yields one year ahead in (12). Fama and Bliss (1987) find that for the pre-1986 period, estimates of the slope c 1 in regression (14) are not reliably different from 1.0 for bond maturities from two to five years. In other words, on average, all the information in forward-spot spreads about variables to be observed a year ahead seems to be about expected term premiums; expected changes in yields one year ahead seem to be unpredictable. It is interesting to examine whether this inference holds up in the extended sample period used here. Table 1 shows estimates of the term premium regression (14) within one standard error of 1.0. In short, confirming the inference of Fama and Bliss (1987) , the full period tests suggest that variation through time in two-year to five-year forward rates is on average variation in the expected one-year returns on bonds of these maturities, and forwardspot spreads show no reliable power to predict yield changes one year ahead.
II. Term Premiums

A. Regression Tests
The evidence in Table 1 that expected term premiums vary through time is in line with much work on the failings of the expectations hypothesis of the term structure, for example, Stambaugh (1988) , Campbell and Shiller (1991) , Bekaert, Hodrick, and Marshall (1997) , Backus, Foresi, and Telmer (2001) . The expectations hypothesis says that expected term premiums are constant, so the slopes in the term premium regression (14) should be indistinguishable from zero, and the slopes in the complementary yield change regression (15) should be close to one. In other words, in the version of the forward-spot spread of (12), variation in the spread should be due entirely to variation in expected changes in yields, and not to variation in expected term premiums. The results suggest the opposite. In terms of variables to be observed one year ahead, the information in forward-spot spreads seems to be about variation in expected term premiums, which is a contradiction of the expectations hypothesis.
Other features of the results in Table 1 are worth noting. The regression R 2 are small, ranging from 0.05 to 0.13 in the regressions for the full sample period. Thus, there is lots of variation in realized term premiums that is not due to the variation in expected premiums captured by forward-spot spreads. In other words, one-year returns on two-to five-year bonds seem to have big unexpected components. As a result, the standard errors of the regression coefficients are large, even in the regressions for the full sample period. Table 1 are close to zero.
B. Average Term Premiums and Forward-Spot Spreads
There is another way to see the effect of unexpected changes in interest rates on bond returns. If changes in bond yields one year ahead are unpredictable, the average term premium for a given maturity bond should be equal to the average forward-spot spread for that maturity. period, however, unexpected increases and decreases in interest rates largely even out, and average term premiums are close to average forward-spot spreads (Table 2 ).
C. Measurement Error
A caveat on measurement error is in order. U.S. Treasury securities are traded by dealers and the CRSP prices are dealer quotes that are not necessarily traded prices. If the CRSP prices contain measurement error, this can bias the estimates of our regression coefficients.
For example, in terms of log prices, the x-year forward-spot spread is
The realized term premium in the return on an x-year bond bought at t and sold at t+1 is p(x-1: t+1) -p(x: t) + p(1: t). Since p(x: t) and p(1: t) are in both the term premium and the forward-spot spread, measurement error in these variables tends to produce upward bias (toward 1.0) in the estimated slope in the term premium regression. But measurement error in p(x-1: t)
affects only the forward-spot spread (the explanatory variable in the regression) and so tends to produce downward bias in the slope. The overall effect of measurement error on the term premium regressions is thus ambiguous.
On the other hand, the change in the spot rate in regression (9) is -p(1: t+x-1) + p(1: t).
Measurement error in the price p(1: t) in the forward-spot spread tends to produce upward bias (toward 1.0) in the slope in (9), but measurement error in p(x-1: t) and p(x: t) tends to produce downward bias. If (as seems likely) prices of one-year bonds are measured with little error, the slopes in regression (9) are probably biased toward zero. This is interesting in light of the strong forecast power of the regressions, documented below.
Another issue is whether smoothing the term structure (fitting curves to measured prices) would reduce measurement error in quoted prices. Bliss (1997) addresses this question. He fits term structures each month to half the Treasury bonds on CRSP (every other bond, ordered by maturity) and uses the fitted term structures for the month to price the excluded bonds. He compares the variance of pricing errors (actual minus fitted) for different methods of estimating term structures, including those of McCulloch (1975) , Fama and Bliss (1987) , Nelson and Siegel (1987), and Fisher, Nychka, and Zervos (1995) . He finds that the unsmoothed prices estimated by Fama and Bliss (1987) , and used here, produce smaller (lower variance) pricing errors than the term structure smoothing methods.
III. Forecasting Changes in the Spot Rate with Forward-Spot Spreads
The term premium regression (14) measures the average information in forward-spot spreads about term premiums to be observed one year ahead. In contrast, regression (9) to forecast the change in the spot rate measures the average information in forward-spot spreads about the spot rate to be observed at the beginning of the last year in the life of a bond. The rest of the paper is concerned with the behavior of the one-year spot rate and the extent to which its behavior is predicted by forward-spot spreads. We begin with estimates of (9).
A. First Pass Regressions
If forward rates contain meaningful predictions of future spot rates, the slopes in regression (9) of changes in the spot rate on the forward-spot spread will be positive. The evidence is in Table 3 . Look first at the pre-1986 period of Fama and Bliss (1987) . The estimated slopes on the forward-spot spread are positive for all forecast horizons. More interesting, the slopes increase with the forecast horizon. The slope in the regression for the change in the spot rate one year ahead is 0.22 (t = 0.65). Thus, there is not much evidence that the forward-spot spread f(2: t) -r(t) predicts the change in the spot rate a year ahead. But as the forecast horizon is extended, the slopes in (9) increase. In the estimate of (9) 
B. The Problem and a "Fix"
Why do the estimates of regression (9) Table 3 and the path of the spot rate in Figure 1 The problem in the regressions for the full 1953-2002 period is that they fit to the average change in the spot rate for the period, which is closer to 0.0 than the offsetting average changes of 1953-1985 and 1986-2002 . As a result, the full period regressions do not allow for the underestimates of changes in the spot rate provided by forward-spot spreads during the period to mid-1981when the spot rate rises, and the overestimates during the subsequent period when the spot rate declines. This leads to the mistaken impression that the forward-spot spread has little power to predict changes in the spot rate for the full 1953-2002 period. The separate regressions for 1953-1985 and 1986-2002 solve this problem by allowing the difference between the average changes in the spot rate for the two periods to be absorbed by the regression intercepts.
If this story has merit, there is a simple way to "fix" the spot rate regressions for the overall period: add a dummy variable, D, which is one for the period up to August 1981, when the spot rate peaks, and zero otherwise,
r(t+x-1) -r(t) = a + bD + c[f(x: t) -r(t)] + e(t+x-1).
The dummy is meant to allow the regression to pick up the systematic forecast errors of forwardspot spreads, specifically, the long upswing in the spot rate to August 1981 and the subsequent long decline that are apparently missed by forward-spot spreads. In this way, we can unmask the strength of forward-spot spreads in predicting shorter-term changes in the spot rate.
The strategy works. In the estimates of (17) for the full 1953-2002 period (Table 3) , forward-spot spreads show clear power to forecast changes in the spot rate. The slopes for the forward-spot spread rise from 0.51 (t = 1.82) for one-year changes in the spot rate to 1.37 (t = 5.30) for four-year changes. The regression R 2 rise from 0.11 to an impressive 0.52. And judged by the t-statistics for the slopes and R 2 , the regressions for the full sample period that include the dummy variable produce stronger evidence of forecast power than the separate regressions for 1953-1985 and 1986-2002 that do not include the dummy.
C. Perspective
Regressions like the spot rate change regression (9) are common in the literature testing the expectations hypothesis of the term structure, for example, Campbell and Shiller (1991) , Bekaert, Hodrick, and Marshall (1997) , Backus, Foresi, Mozumdar, and Wu (2001) . In the world of the expectations hypothesis, the forward-spot spread, f(x: t) -r(t), is (up to a constant) the expected change in the spot rate, E t r(t+x-1) -r(t) in (7), so the regression slope on the forward-spot spread in (9) or (17) should be 1.0. This prediction does well in the estimates of (9) for 1953-1985 and 1986-2002 and in the estimates of (17) (forecasts of the spot rate one year ahead). In other words, for forecast horizons beyond a year, variation in forward-spot spreads seems near entirely due to forecasts of changes in the spot rate.
In contrast, the estimates of the term premium regression (14) say that viewed in terms of expected term premiums and changes in yields one year ahead, most of the information in forward-spot spreads is about time-varying expected term premiums, which contradict the expectations hypothesis. This is like previous evidence that when one focuses more directly on time-variation in expected returns, the expectations hypothesis is soundly rejected, for example, Fama (1984) , Stambaugh (1988) , Campbell and Shiller (1991) , Bekaert, Hodrick, and Marshall (1997) , Backus, Foresi, Mozumdar, and Wu (2001) .
Overall, our evidence says that expected term premiums in one-year returns on longerterm bonds vary through time, which is inconsistent with the expectations hypothesis. But forward rates do show substantial power to forecast changes in the one-year spot interest rate more than a year ahead. The interesting remaining task, which occupies the rest of the paper, is to develop and test an explicit story for this forecast power.
IV. The Spot Rate: Local Mean Reversion
I suggest a simple model for the spot rate and the forecast power of forward-spot spreads.
As noted earlier, the model is similar to those produced by recent work on dynamic term structure models, for example, Chen and Scott (1993) , Duffee (2002) , and Dai and Singleton (2002) . Again, my goal (in the results presented below as in those above) is to provide easily grasped perspective on the behavior of the spot rate that seems to be implied by these models.
The spot rate is the sum of an expected inflation rate and the expected real return on a one-year bond. Economic logic suggests that the expected real return (the real marginal product of riskless capital) is probably a stationary (mean-reverting) process. But with a fiduciary currency, the expected inflation rate may be non-stationary. In this case, there is no single expected inflation rate toward which inflation always tends to move.
Specifically, I posit that during 1952-2002, the one-year spot rate experiences permanent shocks that are on balance positive up to mid-1981, and on balance negative thereafter. These shocks to the spot rate are largely due to permanent shocks to expected inflation. Within regimes, however, the spot rate tends to revert toward its current long-term expected value. The result is "local mean reversion" in the spot rate.
In formal terms, I suggest that the spot interest rate is the sum of two processes, (i) a nonstationary long-term expected value, E t r, which is subject to periodic unpredictable permanent shocks, the result of shocks to expected inflation, and (ii) a mean-reverting component X t that has unconditional mean equal to zero, (18) r(t) = E t r + X(t).
The mean reversion of X(t) is in part due to the mean reversion of the expected real return on a one-year bond (toward its constant expected value) and in part to the local mean reversion of the expected inflation rate (toward its current long-term expected value).
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In short, the model says that the spot rate is mean-reverting but toward a non-stationary mean. This local mean reversion of the spot rate accounts for the forecast power of forward-spot spreads. Shocks to E t r are, however, unanticipated, so variation in the spot rate from this source is missed by forward-spot spreads; indeed, it can obscure the forecasts of spot rates in forward rates. Since the shocks to E t r are on balance positive until mid-1981 and on balance negative thereafter, including the dummy variable for the period of rising rates in the spot rate change regressions picks up a good part of the effects of shocks to E t r, allowing the regressions to expose the forecast power of forward-spot spreads.
This story gets visual support in the plots of the spot rate and the five-year forward-spot spread in Figure 1 . The forward-spot spread is low when the spot rate is locally high (relative to recent past and near future values) and the forward-spot spread is high when the spot rate is locally low -a pattern that can account for the forecast power of the spreads.
The part of the story that may seem weak is the proposition that the long up and down swing of the spot rate during the sample period is due to unexpected shocks. The long-term pattern looks like it has a big predictable component. This is probably 20-20 hindsight. A fiduciary currency was a relatively new animal for the U.S. when introduced in 1971. And with the unwitting cooperation of the monetary authorities, it could well generate a sequence of permanent shocks to expected inflation and thence to the spot interest rate that, after the fact, have the appearance of a predictable pattern.
How can we test the local mean reversion model of (18)? Intervention analysis that lets the data identify regime changes in E t r is a possibility. I take a simpler approach that may be less sensitive to assumptions about the nature of the process. I first estimate E t r as a moving average of the most recent five years of the spot rate. (Using ten years produces similar results.) I then estimate regressions of future changes in the spot rate on the deviation of the current spot rate from this proxy for E t r, also including the dummy variable, D, for the period of rising spot rates, (19) r(t+x-1) -r(t) = a + bD + d[r(t) -E t r] + e(t+x-1).
Along with the intercept, the role of the dummy variable is to allow for the up and down drift of E t r during the sample period due to permanent shocks to the spot rate, so as to better allow the slope d to capture the local mean reversion of the spot rate. If the spot rate tends to revert to E t r, the slope d in (19) is negative; the spot rate tends to fall when it is above E t r and to rise when it is below. Moreover, d should approach -1.0 for longer forecast horizons.
These predictions get strong support in the estimates of (19) for 1953-2002 in Table 3 .
The d slopes are indeed negative and more so for longer forecast horizons, falling from -0.37 (t = -2.95) for one-year changes in the spot rate to -1.05 (t = -5.15) for four-year changes. Thus, local mean reversion seems to work itself out over a four-year period. Moreover, the regression R 2 rise from 0.21 for one-year changes in the spot rate to 0.57 for four-year changes. Thus, local mean reversion of the spot rate, along with the variation in its long-term expected value captured by the intercept and the dummy variable in (19), account for more than half the variance of fouryear changes in the spot rate.
The regression R 2 from the estimates of (19) are higher than those from (17), which uses the forward-spot spread in place of the local mean reversion term in (19). This is in line with our hypothesis that the forecast power of the forward-spot spread is due to local mean reversion of the spot rate. A test is obtained by adding the forward-spot spread to (19), The estimates of (20) in Table 3 show that the local mean reversion variable, r(t) -E t r, largely absorbs the forecast power of the forward-spot spread. The slopes on the forward-spot spread in the estimates of (20) for one-, two-, and three-year changes in the spot rate are within one standard error of zero, and the slopes on the local mean reversion variable are more than 2.7 standard errors from zero. The forward-spot spread has some marginal explanatory power in the estimate of (20) for the four-year change in the spot rate, but the R 2 for this regression, and for the estimates of (20) for shorter forecast horizons, are similar to those from regression (19), which does not include the forward-spot spread. All of this is consistent with the hypothesis that the forecast power of forward-spot spreads is due to local mean reversion of the spot rate.
V. Local versus Global Mean Reversion
Since the spot rate at the end of the sample period is about where it was at the beginning, we cannot reject out of hand the hypothesis of Fama and Bliss (1987) that the predictability of the spot rate is due to mean reversion toward a constant mean. Our last task is to test this global mean reversion hypothesis against the local mean reversion model of (18). Fama and Bliss (1987) argue that the spot rate behaves much like a first order autoregressive process (AR1). If this is true, we can capture the predictability of the spot rate with regressions of the change in the spot rate on its lagged level,
r(t+x-1) -r(t) = a + dr(t) + e(t+x-1).
The slopes d on the spot rate should be negative, they should approach -1.0 as the forecast horizon increases, and the regression R 2 should approach 0.5. (See the Appendix in Fama and Bliss (1987) .) The lagged level of the spot rate is in general a good way to identify predictability of the spot rate due to global mean reversion. Intuitively, if the spot rate is mean-reverting, it should tend to increase when it is below its long-term mean and decrease when it is above. This implies that the slopes in the estimates of (21) should be negative and approach -1.0 as the forecast horizon increases.
The estimates of (21) for 1953-2002 in Table 4 seem to confirm these predictions. The slope d is negative and it falls from -0.17 for the change in the spot rate one year ahead to -0.53
for four-year changes. The slopes are all more than two standard errors from 0.0. The regression R 2 increase from 0.08 for one-year changes to 0.29 for four-year changes. The slopes do not reach -1.0 and R 2 does not reach 0.5 as the forecast horizon is extended, but this may just reflect the suggestion of Figure 1 that any long-term mean reversion is quite slow, so a forecast horizon of four years may not be long.
A simple horse race between the global mean reversion hypothesis and the local mean reversion model of (18) is obtained by adding the lagged level of the spot rate to regression (19), (22) r(t+x-1) -r(t) = a + bD + c[r(t) -E t r] + dr(t) + e(t+x-1).
It is worth elaborating on the interpretation of (22) (2002) at the beginning of the paper) is that the spot rate has a stationary but only slowly mean-reverting component, E t r. The two models agree that there is also local mean reversion of the spot rate, captured by X(t) in (18), and by the local mean reversion slope c in (22). In short, the issue is whether non-stationarity or slow mean reversion is a better model for E t r in (18). And this comes down to whether the dummy variable D in (22), which is meant to capture the long-term swing in the spot rate due to non-stationarity, absorbs the explanatory power of the level of the spot rate, r(t), which is meant to capture long-term mean reversion. Moreover, if the spot rate were slowly mean-reverting, we would expect this to be picked up by the forecasts of changes in the spot rate in forward-spot spreads. Thus, the evidence (Table 3) that the long-term swing in the spot rate during 1952-2002 is largely missed by forward-spot spreads is also consistent with the conclusion that non-stationarity is a better model for the longterm swing in the spot rate.
One can complain that the non-stationarity hypothesis gets an unfair advantage in these tests because the dummy variable for the period of rising interest rates is set based on the data.
But the global mean reversion story of Fama and Bliss (1987) was also suggested by the data.
Moreover, since the spot rate ends our sample period about where it started (Figure 1 ), if anything, the full sample period gives the global mean reversion story a better shot at explaining the behavior of the spot rate than the pre-1986 period of Fama and Bliss (1987) .
VI. Conclusions
The evidence in Fama and Bliss (1987) that forward-spot spreads forecast changes in spot rates for forecast horizons beyond a year repeats in the out-of-sample 1986-2002 period. But their inference that this forecast power is due to mean reversion of the spot rate toward a constant expected value no longer seems valid. In particular, the sample path of forward-spot spreads cannot account for the long upward drift of the spot rate and the subsequent long decline observed during 1952-2002. Instead, the forecast power of forward-spot spreads seems to be due to shorter-term mean reversion of the spot rate toward an expected value that is subject to permanent unexpected shocks, the likely result of shocks to expected inflation. h(x: t+1) is the continuously compounded return for the year from t to t+1 on a bond with x years to maturity at t. r(t) is the one-year spot rate observed at t. f(x: t) is the continuously compounded forward rate observed at t for the year from t+x-1 to t+x. The variables cover annual periods, but they are observed monthly. The time periods shown for the regressions are for the return h(x: t+1). The time periods for f(x: t) and r(t) are one year earlier. The standard errors of the regression coefficients, s(a) and s(b), are adjusted for autocorrelation due to the overlap of 11 monthly observations on the term premiums in annual returns with the method of Hansen and Hodrick (1980) . The t-statistics t(a) and t(b) are the regression coefficients divided by their standard errors. The residual standard error, s(e), and the regression R 2 are adjusted for degrees of freedom.
The period is 6/53-12/02, 595 Months The term premium for maturity x is h(x: t+1) -r(t), where h(x: t+1) is the return for the year from t to t+1 on a bond with x years to maturity at t and r(t) is the one-year spot rate observed at t. The forward-spot spread for maturity x is f(x: t) -r(t), where f(x: t) is the forward rate observed at t for the year from t+x-1 to t+x. The variables cover annual periods, but they are observed monthly. Mean indicates an average value, Std is a standard deviation, and t(Mean) is the ratio of Mean to its standard error. Auto1 to Auto5 are autocorrelations of the term premium or the forward-spot spread at annual lags from 1 to 5 years. The Period for the One-Year Change Is 1/86-12/02, N=204 The Period for the One-Year Change Is 6/53-12/02, N=595
Mean
